Description 

METHOD FOR CONTROLLING DISTORTION OF A MATERIAL DURING 
A WELD PROCESS 

5 

This application claims the benefit of prior 
provisional patent application Serial No. 60/223,013 
filed July 21, 2000 . 

10 Technical Field 

This invention relates generally to a method 
for controlling distortions of a material during a 
weld process and, more particularly, to a method for 
modeling the weld process to determine desired induced 

15 distortions to offset the distortions of the material. 

Background Art 

Welding a material is a common and well 
known procedure in a manufacturing process . The 
2 0 material being welded, typically a metal of some type, 
is altered by the weld process into a form that may be 
at least as strong as the original material to be 
welded. Many industries, e.g., manufacturers of 
mobile machines such as earthworking machines, 

2 5 transport machines, and the like, rely on welding as 

an integral part of the manufacturing process . 

The welding process, however, creates 
undesirable side effects in the material to be welded. 
Distortions occur from the intense heat being used, 

3 0 and the resultant material may not maintain the 
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desired shape when welding is completed. 

Therefore, in the welding industry, it is 
common to employ techniques prior to the weld process 
which induce distortions in the material which are 
5 essentially the opposite as the distortions induced by 
the welding process. The intent of these induced 
distortions is to cause the material, during welding, 
to distort back to the original desired shape. 
Techniques such as pre - cambering , i.e., bending the 

10 material into a temporary distorted shape, and pre- 

straining, i.e., bending the material into a permanent 
distorted shape, are often used. 

These pre -distort ion techniques, however, 
can only be learned by trial and error, and long-term 

15 experience. Therefore, the process becomes very 

costly in time and wasted material, and is cumbersome 
when changes in the material are made, since the trial 
and error process must be repeated for each change. 
The present invention is directed to 

2 0 overcoming one or more of the problems as set forth 
above . 



Disclosure of the Invention 

In one aspect of the present invention a 

25 method for controlling distortion of a material during 
a weld process is disclosed. The method includes the 
steps of modeling the weld process of the material, 
determining distortions produced by the weld process, 
determining a plurality of simulated induced 

3 0 distortions in the model to offset the produced 
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distortions, generating a plurality of actual induced 
distortions in the material as a function of the 
simulated induced distortions, and performing the weld 
process on the material . 

5 

Brief Description of the Drawings 

Fig. 1 is a diagrammatic illustration of a 
material to be welded; 

Fig. 2 is a diagrammatic illustration of the 
10 material of Fig. 1 including induced distortions; 

Fig. 3 is a diagrammatic illustration of the 
material of Fig. 1 including weld distortions; 

Fig. 4 is a diagrammatic illustration of the 
material of Fig. 1 clamped into a fixture; 
15 Fig. 5 is a diagrammatic illustration of a 

weld process on the material of Fig. 1; 

Fig. 6 is a flow diagram illustrating a 
preferred method of the present invention; and 
Fig. 7 is a flow diagram illustrating a further 
2 0 embodiment of a preferred method of the present 
invention . 



Best Mode for Carrying Out the Invention 

Referring to the drawings, and with 
25 particular reference to Figs. 1-3, a method for 

controlling distortion of a material 102 during a weld 
process is disclosed. 

Fig. 1 illustrates a material 102 to be 
welded. The shape and features of the material 102 
30 are for illustrative purposes only. The material 102 
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may be of any shape desired, and have any features 
desired. A protruding portion 103 of the material 102 
is shown to illustrate with clarity distortions that 
occur with relation to the present invention. 
5 However, it is noted that many portions throughout the 
material 102 may be subjected to distortions during 
the weld process. 

In Fig. 2, the protruding portion 103 is 
shown bent in a substantially leftward direction due 

10 to forces caused by induced distortions. Examples of 
induced distortions include, but are not limited to, 
pre-cambering distortions, i.e., bending the material 
into a temporary distorted shape, and pre- straining 
distortions, i.e., bending the material into a 

15 permanent distorted shape. Induced distortions, as 

they relate to the present invention, are discussed in 
more detail below. 

In Fig. 3, the protruding portion 103 is 
shown bent in a substantially rightward direction due 

2 0 to forces caused by weld distortions. Historically, 
it is desired to introduce induced distortions, as 
exemplified in Fig. 2, for the purpose of 
counteracting the distortions caused by the welding 
process, as exemplified in Fig. 3, thus resulting in a 

2 5 finished welded material that approximates the 

original condition of Fig. 1 as closely as possible. 

It is noted that the respective leftward and 
rightward directions of the induced and weld 
distortions are for purposes of illustration only. 

3 0 The distortions introduced during welding may cause 
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the material to change shape and other properties in 
any of a multitude of ways. 

Referring to Fig. 4, the material 102 is 
illustrated as being clamped into a pre-cambering 
5 fixture 402 by means of a plurality of clamps 404. 
For purposes of clarity, only one clamp 404 is 
identified by element number in Fig. 4. However, it 
is apparent that a number of clamps 4 04 are used at 
various positions to hold the material 102 into the 

10 pre-cambering fixture 402. 

Pre-cambering is well known in the art and 
will not be discussed further except to note that the 
material 102 is clamped into the pre-cambering fixture 
4 02 to induce temporary distortions in the material 

15 102 until the welding process is completed. An 
alternate method of inducing distortions is pre- 
st raining, which is also well known in the art and 
involves inducing permanent distortions by bending the 
material 102 in a desired manner so that the welding 

20 process causes the material 102 to distort back to a 
desired final configuration. Since the pre-straining 
process induces permanent distortions, a clamping 
fixture is generally not needed. 

Referring to Fig. 5, the material 102 

25 mounted in the pre-cambering fixture 402 is shown 
located at a robotic welding station 502. It is 
becoming increasingly more common to automate welding 
processes at manufacturing facilities. Advances in 
robotic technologies have made automated welding an 

3 0 economical, reliable, and desirable alternative to 



manual welding procedures . 

A robotic welding arm 504 is free to move 
about the robotic welding station 502 in a controlled 
manner to perform the welding steps needed on the 
5 material 102. However, as discussed in more detail 
below, the clamps 4 04 which hold the material 102 in 
the pre-cambering fixture 402 must be positioned so 
that they do not interfere with the movement of the 
robotic welding arm 5 04 or the welding being performed 

10 by the arm 504. Furthermore, the overall 

configuration of the fixture 4 02 must be designed so 
that interference with the movement of the robotic 
welding arm 504 does not take place. 

Referring to Fig. 6, a flow diagram 

15 illustrating a preferred method of the present 

invention is shown. As will be made evident from the 
below discussion of the preferred method, the present 
invention is designed to model the distortions induced 
prior to welding and during welding in a simulation 

2 0 environment before any actual welding takes place. 

The simulation of the distortions provides a means to 
determine the desired distortions to induce which 
would result in the final welded material 102 to have 
the desired shape and characteristics. The present 
25 invention, therefore, is designed to eliminate the 
previous trial and error methods of determining the 
amount of induced distortions to use. 

In a first control block 602, the weld 
process of the material 102 is modeled. This model 

3 0 takes into account characteristics and dimensions of 
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the material 102, as well as other characteristics 
such as the type of welding procedure, the 
temperatures introduced, the duration of the heat 
produced, and such. 
5 In a second control block 604, the 

distortions produced by the weld process on the 
material 102 are determined. Preferably, the 
distortions are determined by finite element analysis 
of the material 102 during welding. Finite element 

10 analysis techniques of a weld process are well known 
in the art and will not be discussed further. 
However, the distortions may alternatively be 
determined by any of a number of other analytical or 
numerical analysis techniques. 

15 In a third control block 606, a plurality of 

simulated induced distortions are determined in the 
model which would offset the distortions introduced by 
the above described simulated weld process. In the 
preferred embodiment, the finite element analysis 

2 0 approach is used to determine the induced distortions 
at a plurality of finite element locations to achieve 
an overall model of the induced distortions needed. 
Alternatively, an analytical or some other numerical 
analysis approach may be used to determine the induced 

25 distortions. 

In a fourth control block 608, the simulated 
induced distortions are used as a model to generate a 
plurality of actual induced distortions in the 
material 102. Preferably, if pre-cambering techniques 

30 are used, the material 102 is clamped into the pre- 



cambering fixture 402 at desired clamp locations to 
hold the material 102 in the desired distorted 
position until welding is completed. Alternatively, 
if pre-straining techniques are used, the material 102 
5 is bent permanently into the desired distorted shape 
in preparation for the welding process. This bending 
may be accomplished using standard well known 
techniques, such as stamping, bending, hammering, and 
the like. 

10 In a fifth control block 610, the actual 

weld process on the material 102 is performed. 
Preferably, the distortions introduced by welding 
counteract the induced distortions, and the final 
outcome of the material 102 is such that the desired 

15 finished shape is restored, thus minimizing any 
distortions from the welding process. 

Referring to Fig. 7, an alternate embodiment 
of the preferred method of the present invention is 
illustrated in a flow diagram. The embodiment of Fig. 

2 0 7 typically applies when pre-cambering distortions are 

used, and is designed to eliminate interference during 
an automated weld process. 

In a first control block 702, the locations 
of the plurality of clamps 4 0 are modeled as a 
25 function of the determined desired pre-cambering 
induced distortions from the model described with 
respect to Fig. 6. 

In a second control block 704, the steps 
needed to perform the welding operation are modeled 

3 0 using a simulation of at least one robotic welding arm 



504. More specifically, the desired movements of the 
robotic welding arm 5 04 to perform the welding 
operation are simulated. 

In a third control block 706, a 
5 determination is made if any of the modeled clamps 404 
would interfere with the movement of the robotic 
welding arm 5 04 or with the welding process performed 
by the robotic welding arm 504. Any clamps 404 which 
would interfere must be moved to a new location 

10 without modifying the desired induced distortions. In 
addition, the configuration of the pre-cambering 
fixture 402 is analyzed to determine any potential 
interference between the robotic welding arm 504 and 
the fixture 402. For example, the pre-cambering 

15 fixture 402 would include a plurality of locations 
(not shown) which would provide support against the 
material 102 as the clamps 4 04 are applied. These 
support locations must not be allowed to interfere 
with the movement and operation of the robotic welding 

20 arm 504. Alternatively, the movement and operation of 
the robotic welding arm 504 may be altered to 
eliminate the interference. 

In a fourth control block 708, a plurality 
of actual clamps 404 are installed at the desired 

25 locations to clamp the material 102 into the pre- 
cambering fixture 4 02 to induce the desired pre- 
cambering distortions without providing interference 
to the robotic welding arm 504. 

In a fifth control block 710, the actual 

30 welding process is performed on the material 102 by at 
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least one actual robotic welding arm 504. It is noted 
that the typical welding process in a manufacturing 
environment is repetitive, so that the above modeling 
and simulation steps only need be performed once for 
5 mass production of the welded material 102, until any 
changes are made, such as changes in the shape, 
dimensions, or characteristics of the material 102 to 
be welded, or changes in the welding process itself. 

10 Industrial Applicability 

The present invention, as described above, 
provides a method for controlling distortion of a 
material 102 during a weld process by modeling and 
simulating the process prior to any actual welding 

15 taking place. The simulation offers an economical and 
reliable means to determine any desired induced 
distortions which would offset any actual distortions 
introduced by the weld process. The present invention 
takes advantage of known modeling techniques, such as 

2 0 finite element, analytical, or some other numerical 
analysis, as well as known characteristics of the 
material 102 and the weld process itself to eliminate 
trial and error methods historically used by the 
manufacturing industry. 

25 Other aspects, objects, and features of the present 
invention can be obtained from a study of the 
drawings, the disclosure, and the appended claims. 



